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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1.0 

SURFACE-COATED MACHINING 

TOOLS 

Background of Invention 

[0001] Field of the Invention 

[0002] The present invention relates generally to surface-coated machining tools, and 
more specifically to surface-coated machining tools employed in routing, slitting, 
drilling, and like processes on printed circuit boards onto which integrated circuits 
and various electronic parts are populated. 

[0003] Description of the Background Art 

[0004] In processing the peripheral form of circuit boards, press-working has been 
largely employed to date. Because printed circuit boards are structured by 
sandwiching copper foil into epoxy resin incorporating glass fiber, however, 
particulate matter produced when press-working has been a problem in the working 
environment. Therein, a machining tool referred to as a "router cutter," with which 
slitting and routing processes are carried out on printed circuit boards, is used. An 
advantage to a milling machine employing the router cutter is that since the work is 
carried out while the cut end is under suction, there is no risk that chips will scatter 
externally. 

[0005] Meanwhile, the tasks of miniaturizing electronic devices and making them 
lightweight have become a must in recent years, and owing to demands for 
heightening the density and precision in how components populate printed circuit 
boards — which are pivotal to actual operation — the dimension of the slots formed by 
routing is being made smaller and smaller, and correspondingly the diameter of the 
router cutter has come to be 3.1 75 mm or less. 
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[0006] Likewise, with the number of boards in a printed-circuit-board stack processed at 
once having increased and the processing speed gone up in order to improve working 
performance and reduce manufacturing costs, a consequent problem has been that 
router cutters have turned out to be inadequate in strength, breaking during jobs and 
producing burrs on printed circuit boards, rendering them unusable. 

[0007] The router cutter presented in Japanese Pat. No. 3065 547, for example, addresses 
this situation by furnishing a reinforcing rib on the chisel-face side of the router- 
cutter bit, enhancing the rigidity of the bit and improving the router cutter strength 
that had been a problem conventionally, to serve as a remedy against breakage 
accidents during machining jobs. 

[0008] Meanwhile, in forming small-diameter holes in printed circuit boards given 

advances in heightening the density of and in laminating the printed circuit boards, 
machining tools referred to as miniature-drills are being widely used for PCB (printed 
circuit board) processing. Likewise, owing to calls for heightened density and 
precision in how components populate printed circuit boards, the hoies formed in 
them by PCB-processing miniature-drills have become more and more micro- 
dimensioned, in accordance with which the diameter of the PCB-processing 
miniature-drills has come to be 0.3 mm or less. In order to improve working efficiency 
and reduce manufacturing costs, furthermore, processing speeds have accelerated; 
and given the circumstances, a consequent problem has been that PCB-processing 
miniature-drills have turned out to be inadequate in strength, breaking during jobs 
and producing burrs on printed circuit boards, which has been a cause of defective 
products. 

[0009] In Japanese Pub. Pat. App. No. 1 0-1 38027, for example, this situation is 

addressed by utilizing a cemented carbide as the material for the PCB-processing 
miniature-drill presented therein, and by coating the surface with a hard carbon film 
deposited employing a hydrocarbon gas (methane), to improve resistance to, and 
serve as a remedy against, breakage. 

[0010] Nevertheless, with demands from users for heightening the component surface- 
mounting density and precision growing more and more intense, the diameter of the 
router cutter that performs routing and slitting processes has come to be 1 .6 mm or 
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less — half what had been conventional — and preventing breakage defects during 
processing has turned out to be difficult merely by the above-described improvement 
in tool form. 

[001 1] By the same token, accompanying the growing intensity in demands for 

heightening the component surface-mounting density and precision has been the 
utilization of PCB-processing miniature-drills 0.2 mm or less in diameter to perform 
the drilling processes; but drills that perform adequately have not been obtainable 
with the above-described hard carbon film deposited using a hydrocarbon gas, in that 
the film hardness is low because hydrogen gets mixed into the film. 

Summary of Invention 

[0012] An object of the present invention, which has come about in order to resolve 
problems as noted above, is to provide machining tools — in particular, machining 
tools utilized in routing, slitting and drilling processes on printed circuit boards onto 
which integrated circuits and various electronic parts are populated — whose fracturing 
resistance and durability are enhanced by coating the tool surface with a coating film 
to heighten the blade-portion rigidity and make the chip-discharging ability better. 

[0013] A surface-coated machining tool in accordance with certain aspects of the 

invention is furnished with a cemented-carbide base material containing tungsten 
carbide and cobalt, with the cobalt inclusion amount being 4 weight % or more and 1 2 
weight % or less. Over the cemented-carbide base material, a compound thin film 
made up of a combination of one or more elements selected from the group titanium, 
chromium, vanadium, silicon and aluminum, and one or more elements selected from 
carbon and nitrogen, is coated. The compound thin film is coated in at least a single 
layer. 

[0014] 

A surface-coated machining tool in accordance with certain other aspects of the 
invention is furnished with a cemented-carbide base material containing tungsten 
carbide and cobalt, with the cobalt inclusion amount being 4 weight % or more and 1 2 
weight % or less. Over the cemented-carbide base material, a hard carbon thin film, 
made up essentially of carbon atoms only, is coated by a physical vapor deposition 
method in which graphite is made a raw material. The hard carbon thin film is coated 
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in at least a single layer. 

[001 5] As given by a more preferable embodiment of the invention, the above-noted 

compound thin film and hard carbon thin film are respectively 0.05 jj m or more, 3 jj 
m or less in thickness. 

[0016] As given by a more preferable embodiment, the invention is characterized in that 
a compressive residual stress of 0.1 GPa or more, 8 GPa or less is imparted to the 
above-noted compound thin film and hard carbon thin film. 

[001 7] As given by a more preferable embodiment, the invention is characterized in that 
the surface roughness of the above-noted compound thin film and hard carbon thin 
film is adjusted to be 0.01 // m or more, 0.5 fj m or less by indication Ra (surface 
roughness). 

[0018] As given by a more preferable embodiment, the invention is characterized in that 
the pre-sintering crystal-grain size of the tungsten carbide in the above-noted 
cemented-carbide base material is 0.1 jj m or more, 1.5 // m or less. 

[001 9] From the following detailed description in conjunction with the accompanying 
drawings, the foregoing and other objects, features, aspects and advantages of the 
present invention will become readily apparent to those skilled in the art. 

Brief Description of Drawings 

[0020] Fig. 1A is a plan view illustrating the structure of a surface -coated machining tool 
(router cutter) in embodiments based on the present invention; and 

[0021] Fig. IB is an elevational view thereof. 

Detailed Description 

[0022] Surface-coated machining tools in several embodiments based on this invention 
will be explained in the following. 

[0023] 

WC-based cemented carbide utilized as the base material for surface-coated 
machining tools in embodiments of the present invention incorporates 4 to 1 2 weight 
% cobalt, and the average particle diameter of the tungsten carbide is within a 0.1 to 
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1 .5 // m range. 

[0024] The cobalt is incorporated in particular for forming a bonding layer; less ti 
weight % would be undesirable because the toughness deteriorates and nicks ar 
the cutting edge. Conversely, if in excess of 1 2 weight % is incorporated, the hare 
of the base material deteriorates, degrading the resistance to wear during high-speed 
cutting; at the same time, the adhesiveness deteriorates remarkably — owing to low 
affinity — between the cobalt, and the compound thin film and the hard-carbon thin 
film, because in situations in which a powerful external force is applied to the cutting 
edge, the highly hard thin films cannot follow the deformation in the base material, 
and the thin films end up peeling away from their interface with the carbide base 
material. V 

[0025] TaC, VaC and the like, effective in checking WC grain growth and effective in 
enhancing cutting-edge strength, may also be incorporated into the carbide base 
material. 

[0026] Moreover, should the average crystal-grain size of the WC be 0.1 // m or less, 

distinguishing the grain size by evaluation methods at present would be challenging; 
and an average crystal-grain size of 1 .5 // m or more would be undesirable because if 
the film were abraded, large WC particles within the base material would drop out, 
giving rise to significant fracturing. The grain size of the WC has an extreme impact 
on the toughness of the base material, and taking results of evaluating adhesiveness 
of the compound thin film and the hard carbon thin film into consideration, it is 
preferable that the average WC grain size be 0.1 to 1.5 // m. 

[0027] Herein, a compound thin film or a hard carbon thin film is coated onto the base 
material noted above. The compound thin film is composed by combining one or 
more elements selected from the group titanium, chromium, vanadium, silicon and 
aluminum, and one or more of the elements carbon and nitrogen. Inasmuch as the 
exceeding strength and high anti-oxidization properties of this compound thin film 
enable improved anti-wear properties and prolonged machining-tool life, and at the 
same time compared to a WC surface, thermal and chemical reactions with the 
workpiece are restrained, the chip-discharging faculty is made better. In addition, 
since weld-adhesion of the workpiece is controlled, the machining resistance is 
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lowered, and breakage of the cutting blade is suppressed. 

[0028] Furthermore, although as hard carbon thin films are those referred to as 

"amorphous C films," "amorphous carbon films," "diamond-like carbon films," "DLC 
v films," and "a — C : H, i — carbon films," in the present embodiment the hard carbon 
thin film for machining tools is, in order that superior wear resistance be exhibited 
and to obtain a high degree of hardness that rivals that of diamond, composed of 
carbon atoms only, except for impurities that unavoidably become included during 
film deposition, through a situation in which, by utilizing a physical vapor deposition 
method making graphite the starting material, reaction gas is deliberately not 
introduced. In this case a structure closer to a diamond structure than are so-called 
hydrogen-containing hard carbon thin films is produced, and at the same time the 
hardness is heightened, the anti-oxidation characteristics are improved to near 
equivalence with diamond, at an approximate 600 ° C. 

[0029] While there are numerous publicly known techniques for coating with a hard 
carbon thin film, especially among physical vapor deposition methods in which 
graphite is made the starting material, with the deposition speed being rapid, 
preferable are for example cathodic arc deposition, laser ablation, and sputtering, 
which are generally employed industrially. 

[0030] In terms of coating-film adhesive power and film hardness, film deposition by 

cathodic arc deposition is preferable. With cathodic arc deposition tool lifespan can be 
greatly improved, because the ionized proportion in the raw material is high; because 
the hard carbon thin film is formed by irradiating chiefly carbon ions onto the base 
material; and because, with the sp3-crystal ratio being high, dense films are obtained 
and the hardness is heightened. 

[0031] Likewise, the fact that hard carbon thin films have a low coefficient of friction 
makes their chip-discharging faculty better compared to a WC surface; in addition, 
the fact that weld-adhesion of the workpiece is curbed lowers the machining 
resistance and meanwhile suppresses cutting-edge breakage. 

[0032] 

Compound thin films and hard carbon thin films deposited as by the present 
embodiment are formed such that the surface roughness thereof, by JlS-code 
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indication Ra, will be 0.01 //m or more, 0.5 jj m or less. In this respect, when looked 
at for machining tools, although from the viewpoint of chip-discharging faculty and 
machining resistance it is desirable that the films 1 surface roughness Ra be as small as 
possible, that it be 0 is not possible in actuality; and therefore as a result of 
conducting various machining tests it was discovered that wherein the Ra was 0.5 jj m 
or less, the chip-discharging faculty improved, as did the machinability. 

[0033] Likewise, the coating was formed so as to have a film thickness of 0.05 jj m to 3 jj 
m, and the reason for this was that at less than 0.05 jj m, there were problems with 
the anti-wear properties, and in excess of 3 jj m there were problems in that internal 
stress accumulating in the coating would grow large, making it prone to peeing off 
and producing chips in the coating. More preferable is a film thickness of 0.05 to 1 .5 
jj m. By the same token, making the film thickness 3/ymor under was effective in 
lessening the size and density of macroparticles arising on the film surface, and in 
controlling the surface roughness to be 0.05 // m or under by the above-noted 
indication Ra. 

[0034] In the present embodiment, a residual stress is imparted so as to be a 

compressive pressure of 0.1 GPa or more, 8 GPa or less on the compound thin films 
and hard carbon thin films. Imparting a compressive residual stress on the cemented- 
carbide base material remarkably remedies the breakage tendency of router cutters 
and drills. Herein, if the compressive residual stress is 0.1 GPa or less, there is no 
noticeable improvement in fracturing resistance, and if 8 GPa or more, owing to the 
film's stress rating being high, the film becomes prone to peeling off. 

[0035] As far as measurement of residual stress in the compound thin films is concerned 
here, measuring by the method employing x-rays that is illustrated on page 1 56 of 
"Foundations of and Applications for PVCD CVD Coatings" (Hyoumen Gijutsu Kyokai, 
1994) is possible. 

[0036] Likewise, although hard carbon thin films, since they are amorphous structure, 
cannot be evaluated using x-rays, as set forth on page 162 of "Foundations of and 
Applications for PVCD CVD Coatings" (Hyoumen Gijutsu Kyokai, 1 994), inferring the 
residual stress from the amount of warpage in flat plate test pieces that have been 
simultaneously coated on one side is possible. 
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[0037] Next, embodiment examples of surface -coated machining tools through this way 
of embodying the invention will be specifically explained. Nevertheless, how the 
surface-coated machining tools are coated is not limited to the coating methods 
utilized herein, and may be by other methods. 

[0038] First through Thirteenth Embodiment Examples 

[0039] The surface -coated machining tool in these embodiment examples consists of a 
router cutter for PCB processing, and is depicted in Figs. 1A and IB. In the Fig. 1 A is a 
plan view, and 1 B is an elevational view. 

[0040] As shown in Fig. 1 , router cutter 1 has a shank 1 1 that is clamped in a milling 
machine chuck, and a blade portion 12. 

[0041] As a base material a router cutter, with a blade-portion 12 diameter of 0.8 mm 
and a blade length of 6 mm, made of a WC-based cemented carbide containing 
tungsten carbide and cobalt, with the cobalt inclusion amount being 4 weight % or 
more and 1 2 weight % or less, was readied. Using a publicly known arc deposition 
method employing metal vapor-deposition source raw materials and nitrogen gas 
and/or methane gas to form a compound thin film 13 onto the surface of the base 
material, surface-coated router cutters 1 for Embodiment Examples 1 through 12, set 
forth in Table I, were readied. 

[0042] Table I. 

[0043] 



[tl] 
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[0044] 

Likewise, a surface-coated router cutter 1 for Embodiment Example 13 was 
readied by arc-deposition-forming a hard carbon thin film 13 on the surface of a 
foregoing WC-based cemented-carbide router cutter 1 . In addition, for comparison a 
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non-coated router cutter sample, indicated in Table I, was also readied (Comparative 
Example 1). 

[0045] Next, using the above-noted router cutters 1 , milling was carried out on a stack of 
three 1.6-mm thick epoxy-resin boards FR — 4 (copper printed on both sides) as a 
workpiece. The milling conditions therein were made: revolutions, 50,000 rpm; 
feeding speed, 1 .5 m/min; the results of the machining test are shown in Table I. 

[0046] From the Table I results: As against the non-coated router of Comparative 

Example 1 break-failing at 2 m, with the router cutters of the present Embodiment 
Examples 1 through 13, milling for 30 m or more turned out to be possible. 

[0047] Fourteenth through Twenty-sixth Embodiment Examples 

[0048] The surface-coated machining tool in these embodiment examples consists of a 
miniature-drill for PCB processing. 

[0049] As a base material a miniature-drill, with a blade-portion diameter of 0.2 mm and 
a blade length of 6 mm, made of a WC-based cemented carbide was readied, and 
using a publicly known arc deposition method employing metal vapor-deposition 
source raw materials and nitrogen gas and/or methane gas to form a compound thin 
film onto the surface, surface-coated PCB-processing miniature-drills for 
Embodiment Examples 14 through 25, set forth in Table I, were readied. The film- 
deposition conditions therein were made: arc current supplied to the vapor-deposition 
source raw materials, 100 A; base-material bias voltage, 50 V; reaction-gas pressure, 
2.7 Pa; and prior to deposition the base-material surface was cleaned with argon-gas 
plasma. 

[0050] Table II. 

[0051] 



[t2] 
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[0052] 

Likewise, to prepare Embodiment Example 26, a PCB-processing miniature-drill 
was surface-coated with a hard carbon thin film formed by arc deposition employing 
graphite. In addition, for comparison a non-coated PCB-processing miniature-drill, 
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indicated in Table II, was also readied (Comparative Example 1). 

[0053] Next, using these PCB-processing miniature-drills, drilling was carried out on, as 
a workpiece, a stack of three 1 .6-mm thick epoxy-resin boards FR — 4 (copper 
printed on both sides), onto which 0.1 5 mm-thick aluminum sheet was stacked as a 
backing board. The processing conditions therein were made: revolutions, 60,000 
rpm; feeding speed, 3 m/min. The results of the machining test are shown in Table II. 

[0054] From the Table II results: Whereas the non-coated PCB-processing miniature-drill 
of Comparative Example 2 failed at 50,000 holes due to breakage, with the PCB- 
processing miniature-drills of the present Embodiment Examples 14 through 26, 
processing 300,000 or more holes was possible. 

[0055] Other than machining tools for PCB processing, including the above-described 

PCB-processing router cutters and drills, machining tools under the present invention 
may be: other general-application router cutters, drills, end mills, blade-/bit- 
exchangeable tips for milling and turning, metal saws, gear-cutters, reamers, and 
taps. 

[0056] It should be understood that the embodiments disclosed herein are in all respects 
illustrative, not restrictive. The scope of the present invention is not the explanation 
set forth above, but is indicated by the scope of the claims; and the inclusion of 
meanings equivalent to the scope of the claims, and all changes within the scope, is 
intended. 

[0057] As explained in the foregoing, in terms of surface-coated machining tools 

involving the present invention, the fact that blade-portion rigidity is heightened, and 
that chip-discharging faculty is made better, makes heightened fracturing resistance 
and durability possible. What is more, striking prolongation of the machining/wear- 
resistant lifespan, as well as improvement in the processing precision is made 
possible. 
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